Abstract: A rapid, efficient and green methodology has been developed for the synthesis of 3,3'-arylmethylene-bis-4-hydroxycoumarins by microwave assisted condensation of aromatic aldehydes and 4-hydroxycoumarin without use of any solvent, catalyst or solid surface.
Introduction
4-Hydroxycoumarin and its derivatives are known for their anticoagulant 1 , antibacterial 2 , antifungal 2 , antibiotic 3 , antitumor 3, 4 and anti-HIV 5 activities. They are also used as agrochemicals 6 and analytical reagents 7 . 3,3'-Arylmethylene-bis-4-hydroxycoumarins (3), commonly known as biscoumarins, are the bridge substituted dimers of 4-hydroxycoumarin. They have enormous potential as anticoagulants 1, 8, 9 and antioxidants 6 and some of them have also been found to be urease inhibitors 10 . The compound 3,3 ′ -methylene-bis-4-hydroxycoumarin, commonly known as dicoumarol, occurs naturally in moldy clover 11 . It is the hemorrhagic agent responsible for the sweet clover disease of cattle and has also been employed for the prevention and treatment of thrombosis 12 . 3,3'-Arylmethylene-bis-4-hydroxycoumarins (3) are usually synthesized by condensing 4-hydroxycoumarin (1) with various aldehydes (aromatic, heterocyclic and α,β-unsaturated) (2) using different catalysts and media [8] [9] [10] [13] [14] [15] [16] [17] [18] [19] . Some of these methods require long reaction time, use of expensive catalysts and organic solvents and tedious work up 8, 10 . The current literature shows that there has been a growing trend towards green synthesis of these compounds [13] [14] [15] [16] [17] [18] [19] . However, in such reported green methods use of catalysts, solid surfaces, solvents etc. could not be avoided. The current trend towards development of catalyst-free and solvent-free reaction conditions for organic synthesis [20] [21] [22] [23] encouraged us to study the same reaction under microwave irradiation condition without using any solvent, catalyst or solid surface. The remarkable success in this endeavor is presented herein. 
Experimental
Melting points were recorded on a Köfler block. IR spectra were recorded on a Perkin Elmer FT-IR spectrophotometer (Spectrum BX II) in KBr pellets.
1 H and 13 C NMR spectra were recorded in CDCl 3 on a Bruker AV-300 (300 MHz) spectrometer. Analytical samples were routinely dried in vacuo at room temperature. Microanalytical data were recorded on a Perkin-Elmer 2400 Series II C, H, N analyzer. The FAB-MS of 3j was recorded on a Jeol the M Station JMS.700 spectrometer. Column chromatography was performed with silica gel (100-200 mesh) and TLC with silica gel G made of SRL Pvt. Ltd. Petroleum ether had the boiling range 60-80 °C.
General procedure for synthesis of 3,3'-arylmethylene-bis-4-hydroxycoumarins (3)
In a typical experiment, an intimate mixture of 4-hydroxycoumarin (1, 4 mmole) and an aromatic aldehyde (2, 2 mmole) was taken in a pyrex beaker (100 mL) and it was irradiated with microwave for 2.5-3.5 min within which the reaction was complete (Table 1) [An unmodified domestic household microwave oven (LG, DMO, Model No.-556P, 900 watt) was used. The MW oven was operated at reduced MW-power level of 60% (540 watt).]. The reaction mixture was then cooled and crystallized from CH 2 Cl 2 -petroleum ether, which gave 3 in perfectly pure state.
All the thirteen compounds of the series 3 synthesized by us have been found to be previously known. The analytical and spectral data of some selected compounds are given below:
3,3′-Phenylmethylene-bis-4-hydroxycoumarin (3a)
Colourless crystalline solid, IR (KBr, ν cm 
Results and Discussion
Our present method involves subjecting of a mixture of an aldehyde and 4-hydroxycoumarin in 1:2 mole ratio directly to microwave irradiation. A range of structurally diverse aldehydes belonging to the categories aromatic, heterocyclic and α,β-unsaturated aldehydes were taken. To our delight, the target compounds were obtained in excellent yield in the above mentioned method for all the combinations. The yields of the products by the method have been presented in Table 1 . In the method being reported it was a common observation that the reactions were very clean and no side product was formed in any run. In fact, the crude products obtained were of high purity (> 95% by 1 H NMR) and did not require any chromatographic separation. Their crystallization from CH 2 Cl 2 -petroleum ether provided analytically pure samples. More significantly, the whole operation did not require any solvent, organic or inorganic, at any stage. Furthermore, the reaction condition has been found to be mild enough to tolerate a variety of functionalities such as NO 2 , Cl, OH, OMe, conjugated C-C double bond and heterocyclic moieties. It is very likely that in our experiments 4-hydroxycoumarin itself or a carboxylic acid formed by aerial oxidation of the aldehyde used acts as acid catalyst and so addition of any external catalyst does not become necessary.
Conclusion
We have developed a very simple, efficient and environmentally benign method for synthesis of 3,3'-arylmethylene-bis-4-hydroxycoumarins (3) without use of any catalyst, solvent, surfactant or solid support. We feel that this protocol being a good addition to the currently reported methods 24, 25 is in fact better than many others referred herein.
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